[1] Normalized difference vegetation index (NDVI) data derived from visible and near-infrared data acquired by the MODIS and AVHRR sensors were compared over the same time periods and a variety of land cover classes within the conterminous USA. The relationship between the AVHRR derived NDVI values and those of future sensors is critical to continued long term monitoring of land surface properties. The results indicate that the 16-day composite values are quite similar over the 23 intervals of 2001 that were analyzed, and a linear relationship exists between the NDVI values from the two sensors. The composite AVHRR NDVI data were associated with over 90% of the variation in the MODIS NDVI values.
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Introduction
[2] Normalized difference vegetation index (NDVI) products are routinely produced from visible and nearinfrared (NIR) data acquired by both the MODIS and AVHRR sensors. The follow-on sensor to the AVHRR, the Visible/Infrared Imager/Radiometer Suite (VIIRS) will be very similar to the MODIS sensor. A number of studies [e.g., Myneni et al., 1998; Tucker et al., 2001; Nemani et al., 2003] have utilized the near 20-year historically available AVHRR data to monitor changes in vegetation activity and other land surface properties. The relationship between the AVHRR derived NDVI values and those of future sensors is critical to continued long term monitoring of land surface properties. The bandwidths associated with the red and NIR data used to compute NDVI differ for the MODIS and AVHRR. The MODIS red (620 to 670 nm) and NIR (841 to 876 nm) bands are much narrower than the AVHRR red (585 to 680 nm) and NIR (730 to 980 nm) bands. Field experiments that compared NDVI values derived from the MODIS and AVHRR red and NIR bands found slightly greater MODIS-derived NDVI values compared to AVHRR-derived NDVI values, for a variety of plant chlorophyll content levels [Gitelson and Kaufman, 1998 ]. Gao et al. [2003] compared MODIS composite NDVI values with single date NDVI values from several sensors (AVHRR not included) and found good agreement in response to phenology of the land covers examined. The objectives of this study were to compare similarly processed MODIS and AVHRR NDVI data sets over coincident time and space intervals and examine the relationship between the NDVI values derived from the two sensors.
Methodology
[3] Daily 1-km AVHRR NDVI data routinely processed during 2001 at the USGS EROS Data Center [Eidenshink, 1992] (and see http://edc.usgs.gov/greenness/index.html) were produced at the 16-day composite interval that matches that of the MODIS NDVI products. This AVHRR product currently includes adjustments to the data to account for water vapor (see http://edc.usgs.gov/greenness/ whatnew.html) ozone absorption and Raleigh scattering. Prelaunch calibration coefficients were used for calibration of the AVHRR red and NIR data as recommended by NOAA (see http://www2.ncdc.noaa.gov/docs/klm/html/d/ app-d2.htm) for the interval studied.
[4] The MODIS 16-day NDVI product used is the MOD13A2 (see http://lpdaac2.usgs.gov/modis/mod13a2v4. asp) Version 4 data, corrected for molecular (including water vapor) scattering, ozone absorption, and aerosols. The differences between the MODIS and AVHRR NDVI products include an adjustment for the influence of aerosols applied to the MODIS data that is not included in the AVHRR product. Additionally, the NDVI composite techniques are slightly different. The MODIS composite technique (constrained-view angle -maximum value composite) includes determination of the two greatest NDVI values for each pixel per 16-day composite interval. The NDVI value observed with the nearest to nadir view is then selected for inclusion in the composite product (see http://tbrs.arizona. edu/project/MODIS/compositing.php). The AVHRR composite technique (maximum value composite) simply selects the greatest NDVI value observed for each pixel per 16-day composite interval (solar zenith angle must be less than 80 degrees). Finally, the MODIS sensor utilized in this study is onboard the Terra platform, with a local overpass time of approximately 10:30 AM LST. The AVHRR sensor utilized is onboard the NOAA-16 platform, with a local overpass time of approximately 2:00 PM LST.
[5] The MODIS data were reprojected from the sinusoidal projection to the Lambert Azimuthal Equal Area projection of the AVHRR data set. The reprojected MODIS data, originally in 10 by 10 degree tiles, were mapped into a seamless product for the conterminous USA, again to match the available AVHRR products.
[6] Data for all twenty-three 16-day composite intervals of 2001 were initially compared. Data were compared for the nine most aerially extensive land cover classes that were included in the 21 classes of the National Land Cover Data Set [Vogelmann et al., 2001] . For this analysis Residential and Commercial classes were combined with the Urban class. The data were randomly extracted from the AVHRR and MODIS data sets for 20 by 20 km sample windows when the sample window was occupied by at least 80% of a single land cover class. Only those 1-km grid cells associated with the dominant land cover class were analyzed and compared. The total number of 1-km grid cells sampled per land cover class represented a minimum of 5% of the total number of 1-km grid cells for that class throughout the conterminous USA.
Results
[7] AVHRR and MODIS NDVI images from the 25 May through 9 June 2001 composite interval are displayed in Figure 1 for the central United States. Although general patterns associated with NDVI are similar, there are some clouds present in the Northeast portion of the state of Illinois within the AVHRR image that are not present in the MODIS image. These residual clouds in the AVHRR image are attributed to the later overpass time of the AVHRR sensor.
[8] Over all cover types and time intervals, the average AVHRR NDVI value was 0.389 (standard deviation of 0.233) while the average MODIS NDVI value was 0.423 (standard deviation of 0.247). Temporal profiles of the AVHRR and MODIS NDVI for examples of each of the land cover types (Figure 2 ) sampled throughout the conterminous United States (Figure 3 ) also indicate that generally the MODIS NDVI values were slightly greater than the AVHRR values. The seasonal similarity between the NDVI values derived from the two sensors is quite evident, as illustrated by the magnitude and phase of the NDVI response for most of the land cover types examined.
[9] The mean MODIS and AVHRR NDVI values for the 20 by 20 km samples of all locations and composite intervals are displayed for each of the examined cover types in Figure 4 . The relationship between the MODIS and AVHRR NDVI's were evaluated with a linear regression model:
where NDVI M is the MODIS NDVI, NDVI A is the AVHRR NDVI, b 0 is the intercept, b 1 is the slope, e is the random Table 1 .
error. Regression analyses included (a) samples of individual land cover types, and (b) all samples with all land cover types combined. The intercept values ranged from 0.01 (Grasslands land cover class) to 0.1 (Evergreen forest), and all were found significantly different from a value of 0 (Table 1) . The slope values varied from 0.87 to 1.10 and most were significantly different from a value of 1 (Table 1) .
[10] The results of the combination of all classes indicate an intercept (offset) value of 0.03 between the MODIS and AVHRR NDVI values while the slope of the relationship is 1.01. Over 90% of the variation in the MODIS NDVI values is associated with variation in AVHRR NDVI values.
[11] Given the above mentioned differences in the MODIS and AVHRR wavebands, time of observation, and composite techniques, the composite NDVI values are generally similar. There apparently remains some residual cloud contamination in the two data sets that contributed to the outliers displayed in Figure 4 . Further analysis of cloud contamination will be possible through detailed evaluation of the available MODIS NDVI quality control information and planned rigorous analysis of AVHRR data to identify cloud contaminated data.
Conclusions
[12] Although differences existed in several factors that might influence the composite NDVI values, the 16-day composite NDVI values observed with the Terra-MODIS and N-16 AVHRR were quite similar when sampled over similar time intervals, spatial areas, and land cover types. In addition to future analysis that includes exclusion of cloud contaminated data, additional improvements to the relationships in NDVI might be expected with aerosol correction of the AVHRR data and adjustments for differences between the sensors in solar and satellite viewing geometry. Comparisons of Terra-MODIS and NOAA-17 AVHRR NDVI data (both AM platforms) and Aqua-MODIS and NOAA-16 AVHRR NDVI data (both PM platforms) are recommended. 
